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Beam experiment at I1LL

At ILL/Grenoble reactor in 89-91 by Heidelberg-ILL-Padova-Pavia Collaboration
M. Baldo-Ceolin|et al., Z. Phys., C63 (1994) 409

Cold n-source

(not to scale)  Top view of horizontal experiment

E 25K D2

HFR @ ILL
57 MW

H53 n-beam
~1.7-10"n/s

No GeV background!

No candidates observed.

Measured limit for a year of running:

7 >0.86x10%

with L ~ 76 m and <t> = 0.109 sec
measured P _ < 1.606 x iy
Hensifivity: N — 1510 82/8

= "[LL sensitivity unit"

> fastn,y background

Bended n-guide58 Ni coated,

L~63m,6x12cm 2
Focusing reflector 33.6 m

Flight path 76 m
<TOF>~0.109 s

Detector:
Magnetically Traclgmg&
shielded Calorimetry

95 m vacuum tube

v ~ 700 m/s

Annihilation
target J1.1m
AE~1.8 GeV

~1.2510" n/s

Beam dump

20



Ultracold neutrons

A ~800A, ve5m/s, T~1510%K, E~ 13107 eV
Firs observation of UCN in 1968.

|
L 2.107 eV
5m/s T
2. h=1.3m
3,

tpH|_ ~+3-107 eV

UCN can be stored
In material traps

UCN can be
accelerated and
decelerated In
gravitational field

UCN can be
polarized by
magnetic field and
can be stored in
magnetic bottles
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NNbar via UCN

N-t2 — discovery potential

M.V. Kazarnovskii et al., JETP Lett. 34 (1), 47 (1981)




MC model of UCN source with superfluid helium

eSS

UCN A=500 A, T=103K

CN x=9 A T=12K

(1) source chamber; (2) neutron guide; (3) UCN trap; (4) membrane in
front of the inlet to the UCN trap;(5) pipe for filling the chamber; (6) pipeline
for evacuation of the chamber (UCN gravitational shutter)




What is the probability for UCN to be reflected?

~/

A

Ky

—k,
ki +K,

2

IU-/I/I/




We can consider two cases:
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4" UCN Workshop, Russia 2003
http://nrd.pnpi.spb.ru/UCN CNS/ucn/fomin.pdf
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UCN number in the trap for different storage trap radius
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UCN time of flight for different storage trap radius

density of distribution, arb. un.
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N-t°, n-s

N-t2 for different storage trap radius
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Form of the storage trap
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N-t2 for different storage trap height
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UCN storage simulation
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E=200 neV

UCN storage simulation
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UCN storage simulation
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UCN storage simulation
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Z,CM

density of distribution, arb. un.
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Design of the setup

1 — neutron guide, 2 - UCN trap, 3 - vacuum chamber, 4 — trek detector (inner
part), 5 - magnetic shield, 6 - hodoscope (internal part), 7 - trek detector (middle

part), 8 - hodoscope (external part), 9 - calorimeter, 10 — active shielding 19



GEANT4 simulation

The detector efficiency is calculated to be (68+2)%

iy

E.S. Golubeva, J.L. Barrow, C.G. Ladd, Phys. Rev. D 99 (2019) 035002
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Design of the setup
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Vacuum chamber
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Magnetic shielding
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Magnetic shielding
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Design of the setup




ILL

At ILL/Grenoble reactor in 89-91 by Heidelberg-ILL-Padova-Pavia Collaboration

. Baldo-Ceolinfet al., Z. Phys., C63 (1994) 409
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UCN density, cm™

Progress of UCN sources

Sty v v by v by s by e by e by by b by by e b 1y
10 present PNP| project [17]
10*

first test experiments
:]_O3 with superfluid He SD, pulse mode prOJ@e::?S

, ] LANL- PNPI [8] [15-16] F
10" 4 ILLI[4 — - - AT 3

1 ILLu2lA ]‘ - A'LL”i] ;
10 1 .p|\|p| [3] T SD, Mainz [9] 3

° Ph“DI '
107 PNPls > e —— PSIPNPILO [
10" 4 1L {4 ® pPNP] [5] PNPI [6] project L

E A? first test SD, reactor SD, in pulse mode
1024 SRIAR&TPBNP experiment test experiment k

5 ] PNP|’A IAE  With SD, E
1074 TUM: 1
104_;! IAEIAI PNPI E‘
1053 , é
10° :

3 ‘JINR |

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

years

28



Schemes of UCN sources to compare the projects
for WWR-M reactor and PIK reactor
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UCN facilities at reactor WWR-M
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The reactor is in the regime of long-term shutdown.
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UCN facilities at reactor PIK
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There is no place for large facilities in the reactor hall.

31



NNbar via UCN

source d(A=9 A), | sensitivity, | comment
cm=2 st A-1 | ILL units
WWR-M | 3-10%0 10-40 The reactor is in the regime of long-
term shutdown.
PIK 10° 1-4 There is no place for large facilities in
the reactor hall.
ESS ? ? The possibility of NNbar with UCN

should be considered.
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Conclusion

1. Designed storage trap for NNbar
oscillation experiment:

horizontal cylinder with diameter 2 m, length 4 m.

2. Increase of the experiment sensitivity is about
10 =+ 40 times to ILL level at UCN source
production 108 n/s.

3. Oscillation period for 3 years:
r.+>(0.6+1.2)-10° s (90% CL)

Technical Physics Letters 42 (2016) 99

Proceedings of Science 281 (2016) 189

Journal of Physics: Conference Series 798 (2017) 012115
Journal of Physics: Conference Series 1390 (2019) 012133
EPJ Web of Conferences 219 (2019) 07003
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